Abstract: Partial cutting is increasingly applied in European temperate oak-dominated forests for biofuel harvesting, and to counteract succession in protected stands. Effects on biodiversity of these measures need to be carefully evaluated, and species-rich but neglected taxa such as fungi should be considered. We studied the effects of partial cutting on fungal fruiting bodies on woody debris. In 21 closed canopy forests rich in large oaks in Sweden, on average 25%-30% of the basal area was cut. Fruiting bodies were counted and some were collected in treated and control plots before and after treatment. We found 334 basidiomycete and 47 ascomycete species. Species richness of basidiomycetes declined significantly more in treated plots (on average 26%) than in control plots (on average 13%) between seasons. Species richness of ascomycetes increased by 17% in control plots and decreased by 2% in treated plots. Total species richness was significantly reduced on fine woody debris (1-10 cm in diameter), but not on coarse woody debris (>10 cm). Overall species composition did not change significantly as a result of partial cutting, but red-listed species tended to decrease more in treated plots. We suggest that approximately 30% of the stands should not be thinned, and dead stems and fallen branches should not be removed, to favor saproxylic fungi and their associated fauna.
Introduction
As fossil fuel sources become depleted and global warming poses a threat, the use of biofuel must increase. The European Union has set a target to increase the contribution of renewable energy in Europe to 20% of the total energy consumption by 2020, of which the largest part will come from biofuel (Lins 2004) . As forests are a natural source of biofuel, the interest for production of biofuel in temperate and boreal forests to meet this demand has increased (Johansson 2000; Malinen et al. 2001; Fung et al. 2002; Polagye et al. 2007) . A sustainable option may be to produce biofuel from thinnings (Polagye et al. 2007 ), but effects on biodiversity need to be investigated, and for several taxa, as their responses may vary. Less known, but diverse and functionally important taxa such as fungi should not be neglected when habitat management recommendations for forestry and conservation are developed (Moore et al. 2001 ; and see Clark and May 2002) .
Broadleaved trees are of special interest for biofuel production since they are more energy-rich and more suitable than coniferous trees in many temperate regions considering global warming. One forest type for which conservation management has been recommended is the temperate deciduous forest with oaks. Land use changes and succession now affect this forest type over wide regions. Traditional agriculture, for example, coppicing and pasture for domestic animals, promoted semi-open forest structure in oak forests in many parts of Europe and elsewhere (Rackham 1998; Hansson 2001) , but currently these forests are usually abandoned, subjected to secondary succession, or used by landowners for extraction of single or scattered trees (Kittredge et al. 2003) . The oak-rich forest and its biodiversity may generally be favored by disturbances leading to a semi-open forest structure (Vera 2000; Svenning 2002; Bakker et al. 2004) . Following this assumption, partial cutting of small and intermediate-sized trees around old oaks has been recommended for conservation-oriented management in mixed forests with oaks (Peterken 1996; Ranius and Jansson 2000; Dagley et al. 2001; Nilsson et al. 2001; Schuler 2004) . Götmark et al. (2005) evaluated the impact of partial cutting on herbaceous vascular plants in oak-rich forests in Sweden and found that the harvest increased species richness by 4%-31% (mean 18%). A review of immediate effects of partial cutting (eight experiments on herbs) indicated that it increases species richness in broadleaved stands and there was no evidence of increased species losses . Moreover, for saproxylic and herbivorous beetles in Sweden, Franc and Götmark (2007) found increased species richness as a result of harvesting in plots (+35% for both beetle groups). Here, we present data for a species-rich but little studied group of organisms that is directly dependent on woody debris to form fruiting bodies. We studied both ascomycetes and basidiomycetes, together comprising 2250 species forming fruiting bodies (ascomata and basidiomata) on woody debris in Sweden (Gärdenfors 2005) .
The majority of fungi with fruiting bodies on decaying wood act as wood decayers, and as such they are crucial for nutrient cycling (Dix and Webster 1995; Siitonen 2001 ) and soil processes (Coleman and Whitman 2005) in forests. However, it has recently been discovered that among fungi with fruiting bodies on decaying wood there are many species that have other (primary) ecological roles, especially as symbionts with plant roots forming ectomycorrhiza (Dix and Webster 1995; Kõljalg et al. 2000; Mueller et al. 2004 ). The woody debris for these species probably acts as a physical support for the fruiting bodies, rather than as a source of nutrients. All fungi with ascomata or basidiomata on woody debris are collectively referred to as ''wood fungi'' below. These are then divided in wood-decaying species or ectomycorrhizal species.
Temperate deciduous forests have decreased drastically in quantity and naturalness on a global scale (Hannah et al. 1995; Groom et al. 2005) . In Sweden and other parts of Europe, a natural or semi-natural temperate deciduous forest with much dead wood is very rare and fragmented (Peterken 1996) . For the area in southern Sweden (Götaland) studied by us, oak and other hardwood trees amount to 4.2% of the volume of living trees . Despite the small total area of temperate broadleaved forest, the abundance of red-listed forest species in the Nordic countries is greater in remnants of this often oak-rich forest (Berg et al. 1994; Gärdenfors 2005) . Evaluation of conservation criteria is thus urgent for this forest type. We evaluate the effects on wood fungi of experimental partial cutting (thinning) for biofuel production in the oak-rich forest by comparing partially cut plots with dense undisturbed plots. In this forest type and at our sites, many fungi are dependent on coarse woody debris (CWD; diameter >10 cm), but fine woody debris (FWD; diameter 1-10 cm) is also important for woodfungi diversity (Nordén et al. 2004b ).
We posed the following research questions: (i) What are the short-term impacts of partial cutting on species richness and species composition of wood fungi? (ii) Are the numbers of red-listed species affected? (iii) Do ascomycetes and basidiomycetes react in different ways to partial cutting? According to Rayner and Boddy (1997) ascomycetes tend to colonize earlier in succession and be more insensitive to desiccation than basidiomycetes. (iv) Is there a difference in impact of cutting between species on CWD and FWD? Finally, (v) Are ectomycorrhizal species of wood-fungi more strongly affected by cutting than wood-decaying species, as may be expected by their dependence on trees as symbiotic partners?
Materials and methods

Study area and site and plot characteristics
The study includes 21 sites, located in the boreonemoral zone of southern Sweden (Fig. 1) , a transition zone between the boreal forest in northern Europe and the temperate (nemoral) forest in the middle parts of Europe (Nilsson 1997) . The sites are situated 5-230 m above sea level. The mean monthly temperature in July, the month with highest temperature, varies from about 14 8C in the west to about 17 8C in the east, and the mean January temperature varies from -4 8C to -1 8C (www.smhi.se, Swedish Meteorological and Hydrological Institute). The mean monthly rainfall in July, the month with highest rainfall, decreases from about 80 mm at the western study sites to about 55 mm at the eastern coastal sites (www.smhi.se). We use rainfall data from climate stations situated near our sites (from the month of collection of fungi and the two preceding months) to evaluate conditions for fungal growth and fruit body production (Table 1) .
The study sites are flat to slightly rolling, have an almost closed canopy cover (80%-95%), and mesic moraine soil with stones at the surface. They are rich in or dominated by the closely related and hybridizing species pedunculate oak (Quercus robur L.) and sessile oak (Quercus petraea (Mattuschka) Liebl.) (together 25%-75% by basal area). The sites have a history as pasture woodlands or other agricultural use, and were abandoned between 1930 and 1960. The oldest oaks at each site are on average 150-200 years old. Younger broadleaved trees have invaded the study sites, including birches (Betula pendula Roth and Betula pubescens Ehrh.), pumpkin ash (Fraxinus excelsior L.), European aspen (Populus tremula L.), Norway maple (Acer platanoides L.), little-leaf linden (Tilia cordata Mill.), European beech (Fagus silvatica L.), and goat willow (Salix caprea L.). The understorey was often dominated by the large shrub European filbert (Corylus avellana L.). At four study sites, Norway spruce (Picea abies (L.) Karst.) was common and made up 25%-40% of the basal area (breast height).
The sites are designated as woodland key habitats (14 sites; National Board of Forestry 1999) or nature reserves (7 sites). Prior to partial cutting, the study sites contained on average 14.3 ± 7.81 (SD) m 3 /ha CWD and 11.4 ± 5.00 m 3 /ha FWD (Nordén et al. 2004a ), or about 2-3 times more CWD than in production forests in southern Sweden (Fridman and Walheim 2000 ; FWD has rarely been measured). We predicted that little colonization of fungi (fruiting bodies) would take place in just 1 year following partial cut, and that the effect would be either increased or decreased fruit body production on woody debris present before the partial cut. Therefore, we did not perform a survey of posttreatment woody debris. However, an estimate based on inspection of the stands is that the amount of FWD at least doubled after the partial cut (F. Götmark, personal observation). Beside freshly cut trees from which slash accumulated following cutting, relatively decomposed woody debris originating from dead branches of cut oak trees and other trees increased on the forest floor. This share of older FWD was between 10% and 20% of the total increase of woody debris enriching the study sites after the partial cut (F. Götmark, personal observation).
The fungus flora on CWD and FWD at the study sites before the partial cut was analyzed in Nordén et al. (2004b) . Seventy-five percent of the ascomycetes were found exclusively on FWD (the corresponding proportion for basidiomycetes is 30%), 2% were found exclusively on CWD (basidiomycetes 26%), and 23% of the species occurred on both diameter classes (basidiomycetes 44%) (Nordén et al. 2004b) .
Each study site consisted of two juxtaposed 1-hectare plots (100 m Â 100 m; 14 sites, or 120 m Â 83.3 m; 7 sites). Treated and control plots were selected to be as similar as possible with respect to forest habitat, aspect (level ground), age, etc. Each plot was surrounded by a forested buffer zone at least 15 m wide.
In late summer 2002, we marked all trees that were to be cut. We then sent protocols and detailed instructions to the landowners and forestry entrepreneurs, who partially cut the stands during October 2002 -March 2003. The partial cut was conducted around large oaks, by cutting conifers (almost all) and other broadleaved trees, including some oaks of intermediate size (see also Götmark 2007) . These cut trees were removed from the plots using forwarders. The proportion of basal area ( 5 cm diameter at breast height (DBH)) cut was on average 24% (Table 2 ), but because a high proportion of the thin stems (<5 cm DBH) also were removed, the true value is about 25%-30%. We retained old (large) individuals of other broadleaved trees. Of the understorey (stems 1-5 cm DBH), 55%-95% of all stems were cut and removed from the plots depending on the density of understorey trees. However, tops and branches of larger trees were usually left in the plots, to provide some woody debris.
Fieldwork and fungi
We made surveys of basidiomycetes for 2 years before the partial cut (late October 2000 and late October 2001) to ensure that the two plots at each site were comparable and Bondberget; 7, Långhult; 8, Bokhultet; 9, Kråksjöby; 10, Stavsäter; 11, Fagerhult; 12, Aspenäs; 13, Norra Vi; 14, Fröåsa; 15, Hallingeberg; 16, Fårbo; 17, Emsfors; 18, Getebro; 19, Lindö; 20, Vickleby; 21, Albrunna. that no significant pretreatment differences between the two categories of plots existed. The follow up survey for basidiomycetes after cutting was carried out 2003 (late October). This approach also allowed study of whether partial cutting causes greater changes in species richness than may occur naturally between two consecutive years. Between-year variability in fruit body production may complicate comparisons and obscure treatment effects. Ascomycetes were surveyed once before (early May 2001) and once after the partial cut (early May 2004). Fungi were inventoried along transects, 2 m Â 100 m (200 m 2 ). The transects were established systematically to cover much of the plots. One transect per plot was inventoried for ascomycetes, and two transects were inventoried for basidiomycetes (40 m apart and at least 20 m from side of the plot). Presence or absence of fungi were recorded within four sections (2 m Â 25 m, 50 m 2 ) along each transect. All CWD and FWD up to 2 m above ground were examined for fungi. Only living fruiting bodies were included. We removed only small pieces of the fungal fruit bodies and therefore judged the disturbance effect of sampling on subsequent fruiting as negligible. Most species were present in the dead wood and not in the ground, and turning some woody debris thus did not destroy mycelial connections for these species. Voucher specimens of all species were stored at the herbarium at the University of Göteborg.
We measured the diameter of woody debris objects at the locations of individual fruiting bodies. Of the ascomycetes, all pyrenomycetes belonging to Xylariales (inclusive of Diatrypales) with a stroma, and discomycetes with fruiting bodies of a diameter >5 mm were included. Of the basidiomycetes, all species with agaricoid, polyporoid, stereoid, and corticioid fruiting bodies were included. Heterobasidiomycetes were not included, except for Eichleriella deglubens and Tulasnella violea. Fungi with distinctive features were identified in the field, others were collected and identified in the laboratory.
Species were labeled ectomycorrhizal following Nordén et al. (1999) and Kõljalg et al. (2000 Kõljalg et al. ( , 2005 , with additional information from the UNITE Web site (http://unite.ut.ee/), and Karl-Henrik Larsson, Göteborg University (personal communication 2006). The nomenclature for basidiomycetes follows Hansen and Knudsen (1997) , and for ascomycetes Hansen and Knudsen (2000) . Red-list classification of species, based on IUCN criteria, is from Gärdenfors (2005) .
Statistical analyses
To evaluate effects of partial cutting on the fungal species richness, we subtracted the number of species in a plot before the partial cut from the number of species in the same plot after the partial cut. We then tested if the difference in the average number of species is similar for treated (n = 21) and control plots (n = 21), by using paired Student's t tests. The percent change in frequency in treated and control plots (from before to after the partial cut) was examined for species with at least 10 records (summed over all study sites). The effect of the partial cut on red-listed fungi was analyzed separately. Also, ascomycetes and basidiomycetes were initially analyzed separately, since we suspected that they might respond in different ways to the partial cut.
Using Pearson's correlation, we analyzed the increase in canopy openness in relation to change in fungal species richness in the treated plots. We used digital photographs (28 mm lens), taken from ground level vertically towards the canopy at eight positions in each treated plot, converted color pixels to binary black-and-white pixels using the program NIH Image (NIH Image Home Page 2007), and calculated the average proportion of sky visible for each plot.
To analyze if the removal of potential host trees affected the ectomycorrhizal and the wood-decaying basidiomycetes differently, we used t tests. We also tested by Pearson correlation the relationship between percent decrease in the number of ectomycorrhizal species per treated plot and percent decrease in basal area of ectomycorrhizadependent trees (Betula, Corylus, Fagus, Picea, Pinus, Populus, Quercus, Salix, Tilia; Dix and Webster 1995) , following cutting. Before testing, percentage values were arcsin transformed.
To evaluate the possible influence of shading from forest around treated plots, we analyzed differences in species richness between edge and core sections of treated and control plots. We compared the two central sections (25 m 2 + 25 m 2 = 50 m 2 ) of transects against the two peripheral ones (25 m 2 + 25 m 2 = 50 m 2 ) with paired Student's t tests. We analyzed both treated and control plots to compare shading effects. Sites with the shape 120 m Â 83.3 m were excluded from this analysis.
To illustrate changes in species composition due to cutting, we used correspondence analysis (CANOCO 4.5; ter Braak and Smilauer 2002) . The data for logs consisted of 247 species as rows and 84 surveys as columns (21 sites, two plots, visited twice), and frequencies were expressed as abundance data of individual species. We used the default options in the program. Differences in axis values (after-before) were calculated for each study plot and tested between treated and control plots with a paired permutation test (exact test in SPSS 12.0.1 for Windows).
To check if differences in the number of species were an effect of the number of records, we compared average species accumulation curves (constructed using EstimateS 5; Colwell 1997) . Curves were plotted with number of plots on the x-axis (species density; Gotelli and Colwell 2001) and with number of records on the x-axis (species richness; Gotelli and Colwell 2001) . Following Hughes et al. (2001), we did not include confidence intervals constructed from the variance among the resamples, since these intervals can only be used to compare the observed richness among samples and are not a measure of confidence about variation in the actual richness in the communities. To judge trends, we compared curves visually.
Results
Species richness of ascomycetes and basidiomycetes
In total (pooled for treated and control plots), we found fruiting bodies of 334 basidiomycete species (6219 records) and 47 ascomycete species (426 records). The number of species found before partial cutting was 227 basidiomycetes in Table 3 shows that overall species richness of basidiomycetes declined more in treated plots than in control plots. The number of ascomycetes increased in control plots, but decreased in treated plots (Table 3) . For basidiomycetes, the Note: Change in species richness is based on observations the year after the partial cut minus observations the year before the partial cut for the respective plot types. the percentage is the change in mean value from the year before the partial cut to the year after the partial cut. change in species richness in treated plots relative to control plots was statistically significant (paired Student's t test, p = 0.004, n = 21), but for ascomycetes it was nonsignificant (paired Student's t test, p = 0.49, n = 21). Since basidiomycetes and ascomycetes responded similarly to the treatment, the two taxa were pooled for analyses, if not otherwise stated.
The mean number of species of basidiomycetes in control and treated plots varied among years, but not among treatments before cutting (Fig. 2) . Comparing the three autumn seasons, species richness was greatest in 2001, the year with the highest rainfall in autumn (Table 1) .
Species richness on coarse woody debris and fine woody debris
Species richness on FWD increased in control plots in 2003 but decreased in treated plots. This differential change in number of species was significant (paired Student's t test, p = 0.003, n = 21 (Table 3) . Species richness on CWD did not change significantly (paired Student's t test, p = 0.57, n = 21) ( Table 3) .
Ectomycorrhizal and wood-decaying basidiomycetes
For ectomycorrhizal basidiomycetes, species richness was negatively affected in treated plots compared with control plots (paired Student's t test, p = 0.034, n = 21) ( Table 3) . For wood-decaying basidiomycetes, the year-to-year impact was lower in the treated plots than in the control plots (paired Student's t test, p = 0.023, n = 21) ( Table 3) .
Forty-six, or 12.1%, of the species (all basidiomycetes) were ectomycorrhizal. We found no significant correlation between the percent decrease in species richness of ectomycorrhizal fungi and the percent decrease of ectomycorrhizasusceptible trees in treated plots (for tree basal area, mean decrease by 18.8%, SD ±8.6%, range 14.6%-31.8%; r = 0.181, p = 0.421, n = 21).
Degree of canopy closure and shading from bordering forest
No pretreatment difference in mean proportion of visible sky was found between treated (average 13.7%) and control plots (average 14.0%). The proportion of visible sky more than doubled after harvest in the treated plots ( Table 2 ). The increase in light was relatively patchy, and higher for example, around large oaks, or where spruces had been cut. No significant correlations were found between changes in canopy closure due to cutting (for canopy closure, mean decrease was 19.4%, SD ±6.4%, range 7.4%-37.5%) and the decrease in total species richness (r = -0.076, p = 0.743, n = 21). The mean change in species richness was -8.90, SD ±10.64 (range -30 to 20).
The analysis of shading influence from surrounding forest indicated no significant effect in treated plots after the partial cut. The mean number of species in edge sections did not differ from the core sections (treated plots: edge: 13.4, SD ±5.5 (range 1-23); core: 12.7, SD ±6.1 (range 1-26); paired Student's t test, p = 0.55, n = 28 transects; control plots: edge: 15.8 ± 5.6 (range 7-26), core: 15.0 ± 6.1 (range 4-25); paired Student's t test, p = 0.25, n = 28 transects).
Effects compared at a standardized number of records
The randomized species accumulation curves showed that both species density (x-axis scaled by the numbers of samples; plots), and species richness (x-axis scaled by the number of records) was higher for the control plots with tendency to diverge as samples or records increased (Fig. 3) . Our sampling showed no convergence of curves, which indicates that the effect of cutting on species diversity is reliable, at least up to the end-point of curves.
Species composition and changes in frequency
Overall species composition did not change significantly more in treated than in control plots after the partial cut (n = 21; p = 0.733 for axis 1, p = 0.759 for axis 2) judging from the test of the scores of the correspondence analysis. The first axis in correspondence analysis for logs explained 9.0% of the variation in the data, and the second axis explained an additional 4.6%.
However, several individual species showed strong reactions to the experimental treatment. For species with at least 10 records (summed over all study sites, sections and treatments 2001 and 2003), decreases in species abundances, that is, in the number of sections in plots in which a certain fungus was found, were more prevalent than increases due to cutting. In the treated plots, 63 species (74% of species with at least 10 records) decreased (6 ascomycetes, 53 corticioid basidiomycetes, 4 polyporoid basidiomycetes) and 16 (19%) increased (1 ascomycete, 13 corticioids, 2 polyporoids). In the control plots, corresponding figures were 51 (or 60%) decreasing species (3 ascomycetes, 44 corticioids, 4 polyporoids) and 28 (33%) increasing species (2 ascomycetes, 15 corticioids, 1 polyporoid). As a few examples, the wood-decaying species Hymenochaete fuliginosa and the ectomycorrhizal species Amphinema byssoides decreased markedly, while the early-colonizing wood-decaying species Cylindrobasidium laeve showed a strong increase. A full list of all species (with more than 10 occurrences) and their number of records in the two plot types before and after the partial cut is available as supplementary data in electronic form. 2 Red-listed species decreased from 11 records of 10 species (at eight sites) before the partial cut to 6 records of 4 species (at three sites) after the partial cut (Table 4 ). The number of species decreased more in treated (5 to 1) than in control plots (6 to 4) ( Table 4) .
Discussion
In this study, we investigated short-term effects. We found a negative effect on species richness of fruiting bodies despite an increase in total FWD volume in treated plots. The newly dead woody debris (mainly FWD) had relatively few fruiting bodies, and only of a few species. Most of the cut FWD was still hard and uncolonized, except for a few early-colonizing species, especially C. laeve. Over time, the increase in woody debris in the treated plots may lead to an increase in fungal species richness as the wood becomes more degraded, especially if the canopy becomes reestablished. However, this phase will be transient, and in the future the pulse of new woody debris will probably be replaced by a phase where treated plots contain less woody debris than control plots, at least of CWD.
We found a stronger change (decrease) in number of fungal fruiting bodies in treated plots subjected to the partial cut than in undisturbed control plots. After the partial cut, the treated plots contained fewer species both at equal number of samples (plots) and equal number of records, supporting the conclusion of a stronger decrease in treated than control plots. There was also a (weak) indication that redlisted species decreased in treated plots, a finding of interest for nature conservation and future research.
Macrofungal distribution patterns in fragmented forest landscapes may be affected by habitat requirements, for example, woody debris (Brown et al. 2006) , dispersal limitation (Siitonen 2001; Junninen et al. 2006) , and forest management (Siitonen et al. 2005) . The decrease in species richness of wood-decaying fungi after forestry operations may be due to changes in environmental factors such as desiccation, an effect of increased solar radiation and wind speed (Siitonen et al. 2005) . What caused the effect in our study is uncertain, since we did not find any relationship between change in canopy openness in treated plots and change in species richness. To draw conclusions on this matter, careful measurements should be performed (e.g., see Chen et al. 1995) .
However, the reactions of wood fungi to exposed situations do not appear to be easily interpreted from the literature. In a study of oak forest, Rubino and McCarthy (2003) noted fewer species on oak logs in drier microsite conditions, but in a study of pine-dominated forests in Finland, Gotelli and Colwell (2001) and individuals refer to records. Junninen et al. (2006) found no effect of desiccation on wood fungi. The latter may be explained by the fact that pine-dominated forests are naturally fairly open and dry and that the wood fungi may be adapted to this situation in this forest type. Further, Junninen et al. (2007) found that the polypore flora on aspen logs was more species rich on clearcuts than under closed canopies, showing that at least some fungi on coarse woody debris may be adapted to relatively dry and warm situations.
At our study sites, a majority of species occurred on FWD (Nordén et al. 2004b) , and this may explain part of the decrease in species richness. Fungal mycelia in FWD are likely to suffer more from changed microclimate than fungi in CWD. CWD probably has a more stable inner microclimate, since the surface area per volume unit is lower than for FWD (Rayner and Boddy 1997) . According to Lindner et al. (2006) , the variation in species richness is greater between individual years for FWD than for CWD. This might explain why the number of species on FWD declined, and that no similar significant effect was observed for CWD.
Earlier studies generally show that forestry practices reduce species richness in ground-dwelling ectomycorrhizal species, mainly as an effect of loss of host trees (Kranabetter and Kroeger 2001; Gomez et al. 2003; Luoma et al. 2004; Smith et al. 2005) . Ectomycorrhizal basidiomycetes forming fruiting bodies on woody debris should be expected to decrease following cutting and death of roots. The relative importance of desiccation and root death for the decline in ectomycorrhizal species (fruiting bodies) is hard to evaluate in our study, but the lack of effect of removal of ectomycorrhizal symbiont trees seems to indicate that desiccation may have contributed. However, here it must also be stated that the lack of correlation between the decline in species richness and the degree of canopy openness and basal area leaves us speculating about the mechanisms.
A relatively small proportion of the basal area was cut for two reasons. First, in Sweden and elsewhere, landowners often cut selectively in a deciduous forest (Kittredge et al. 2003) , removing relatively few trees at a time, for fuel or other purposes. Second, our stands had high conservation values, and a limited harvest was in line with the precautionary principle, which in this case would state that a limited amount of wood should be removed from stands with a biodiversity value for saproxylic species.
Whether fruit body production of fungi represents a reliable index for estimating fungal populations can be questioned (Johannesson and Stenlid 1999; Mueller et al. 2004 ). However, fruit body production indicates short-term viability of fungal populations in terms of reproduction, since most fungi fruiting on CWD and FWD depend on spore dispersal (Rayner and Boddy 1997) . Moreover, fruiting bodies are an important food and habitat for many organisms, such as mycophagous insects, motivating the focus on these structures. For instance, fruiting bodies, including those of corticioid basidiomycetes that dominated our sites, are hatcheries for a diverse group of Diptera, the mycetophilids (Økland et al. 2005, 2008) , and many saproxylic beetles (Wilding et al. 1989; Blackwell and Jones 1997) . In addition, molecular identification of mycelia in dead wood is not yet cost feasible, or difficult to use in large-scale biodiversity studies.
The large variation in fruit body production between favorable and less favorable seasons is an inherent problem in studies of fungal biodiversity and ecology. Several seasons may be needed for surveys of fungi with perennial or longlived mycelia such as ground-dwelling species (Mueller et al. 2004) . Although between-year variation in fruit body production is probably lower for wood-inhabiting fungi (personal observation), it may pose problems for studies of fungal diversity (Berglund et al. 2005) . This kind of variation needs to be planned for in experimental design (cf. Götmark et al. 2005) . We monitored natural between-year variation in control plots, and used preexisting data from before the partial cut in the treated plots to allow statistically sound conclusions. Our strong experimental design revealed a clear negative treatment effect, confirmed by the paired t tests that account for between-year variations. For species with at least 10 records, 22 species out of 85 (26%), have perennial fruiting bodies (stereoid, tough polyporoid, or stromatoid). The majority thus was short-lived or may not fruit every year. The variation in species richness of basidiomycetes may have been related to rainfall, with the highest diversity found in 2001, the year with the highest average autumn rainfall. In 2003, rainfall was low in September, and this may be part of the reason for the decline in fruit body production. Longer-term studies and studies of moisture levels in woody debris are needed to investigate if desiccation may be the mechanism behind this pattern.
Implications for nature conservation and forestry
While a semi-open forest structure and partial cutting of dense forest may be beneficial to some organisms, such as herbaceous vascular plants , it is negative to most wood fungi. The mechanisms behind the decrease should be investigated further in future experimental studies. Our results should be taken into account in management planning for oak-rich and other temperate deciduous forests. With our current knowledge, we propose that a portion of conservation forests (approximately 30%) should be excluded from biofuel harvesting to support fungal biodiversity. The identification of those forests is an important task. Furthermore, the impacts on biodiversity need to be compared for additional taxa before partial biofuel harvesting is applied at a larger scale in forests with biodiversity values. It is also important to explore the effect of partial cutting of varying intensity, which was not within the scope of this study. Finally, we emphasize the need for further studies of fungi to reduce the serious taxonomic bias in conservation research.
